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QCD SUM RULES AND PROPERTIES OF BARYONS IN NUCLEI

MIKKEL B, JOHNSON
LosAlimmv Ndond Idwrrmny, k Alanw. NM 87543, WA

LEONARD S, KISSLINOER
Dqrnrrnunt ofPhydw, Cum@u Mellon Unhwdry, Pittsburgh, PA 1S213, USA

Tbow W nmllum- mprlmmw tot4mWnlnImrnmlbnf- mmkmum, whommlwndnly
h cwrwutythem!~ lm~- problemInhihllln# h use of tXD num rubs to ttudy hdnm in Inwlaur
matw, IQ dkrnnwl, A vnlue W n pWcuhw Ilnww cnmbbatton of k CUUIJWUWW ta cmrntted unlng
rcwlw of an lntdwJMnrway rnmbltMmtyd#of@wnuclauswatwhl Wu ml ●QCD sum de mwtyalt
of Ibm maM M Ihu A(1232) In nudd l!aronding W mutynb m hwlrmb h@r4ylw ImrywI mrnumncm b
posdbla whhWI mm mwkm Wlhhw

A promisinfl duvelupmurtl for nucleur physlus hornurlscn from thu ohrvulum hat Ihu Iuw Q2
frropertiesof &olatudhwlronn(~,g.i their mu- andcuuplhqp to other htirons) we quunthtivuly
ruluwd to Lb dynumicaM’ high=Q , whero nrmprmrbutive hehnvkw in dcwlbd by mtdunmes
d quurksml gluons’ using the mtmhodof QCD mm NIUS. A qudnn of Intemmnow b wholhur
tlw twm rulo muhod imMvlnhle approuch for undummndinfinuclear phunomunain QCD. Ilw
wrwr IIpprrs 10 ho “ywf’ but M quark und @m BWUCmrain the nucle~ remains to hc fully
chnnwrizd. ThlII requlrm llmrudvul wtd uxprimuntul amdl~ IN dkuuud blow.

In theuh,unslonIt} nuchsl,sthe condwtsmushworne mawix clemen~ 01’quurk und glunn tloltk
in tho nucleur ground mum,or nuclcur vncuum 1A). They unt mm numcruus fur M vurluty of
reasons. Onu Is thn~them in nuw n now Imrr=vccturcharacturlzin$ the aystum,nmely the fuur
velucity ot’ tie nuglauk It”, giving II richur posaihlo tennornl mumurc. &Mwr Is thut ihe
MmdensatesdcvchIp a dcn~ily ckfrwuhww. Thu t’llur+~fk mndcnsutu is an ~inlly hnportm
crmsldorudon in nuclei. IJp 10 now, this condurmato, (A~q~#), hun been treuhxf hy
k~~wizadon, ml Uw nMultJIfnr tiw Nculurmusu0[ u nudtmn in a nutksundependon how dunsily
dupondww k UJAgnadin the I’our-quurltcondonswuofmr fucludmlon.’ One WNWIWIIMfrom thi~
IJIIII foctnrltrnllmrin not justlfhd, nnd !hut to upply QCD It) nuclei Ihe four=qunrkvacuum MJGIUrU
of nucki muxl he W (mm other rnor]rcc~i

TrI ao twyond the fautwizad npfwwdmuli!wrin IhcQCT mm ruk unulyds of hwkon.~in nuuki,
h h newhary to dstermint Ilw thur=quurkwmdtnmles

(1)



importunldiscoverieswith mesonl’ucilitie%namcly :hut it is pnssib]uto extruct the pntpu$olord’ u
A(1232) from the analysis of ion-nucleus scatterilig.W one may do thi~using the phwwmcno.

tIogictd isobardomwty rnudel 1’analysis,which ckxmrnirwdthutthe A maw in the nuclew medium
is within hut M MeV d the tkw A mossimd thut its width is hroutbed by ahnul 10%,

The stiwtingpoint of tho Q(X) sum-rulu onulysisof [hc A{ 1232) in nuchwr mwx is the two.
point function, usuallycalled theWWIIIIOR

(2)

(3)

whom C is litc churgecon]ugutionnparwor und the U(X) uro u “quark t’icldsM&d by color, A;
is ustructureparamuturund Vg is n Rnritw,Schwh\ger(spin 3/2) spinor.

In gtmurulterms, the prouedurwM1OWSthat in t’tw ~puce.”v ‘Ilw RHS hI the mimeM het’ore,
except that for thaA mumwe titko

(4)

and wquire u modified VUIUOo!’the strumurupurumwcw&, W@chow thrue standard 1.ortmtz
ntruuturwto duIctiiw &. M~, ml #M$. On Ihu Ict’t=hunddd~ WQ,of course, hwa to usu tlw
in-medium value~ O( the wtthrww. Thi# includes the nnn”fuctrwbd four”quurkcondcnmtcs.
Wi[h our choiuuof sumNIM Ihu I’omwpmrkc\mWilwlionvimishesIbr uII wwwpl Ilp, uml \hus thu
duuideterminesthe followlng Iirtuurwlmhhtut{onof the cl’s,

(s)



Two tthemative appmuchesfor extending ihc uhow unolysisto consider tim coupling constunt
11unti the thtcb.point timctiongtird in tiee space und in the nuclw.tswc the light-cone apprwtch

appwuch,]2 N3tl~tiVd)’.

Modorn facilhics providing bums of electrons, photons,pions, and bow in the (3uV range
will rnukeit ptwildc to study the higher4ying htwyonresonancewgion, Applictttion of the isohur=
doorway wtttlysis to these dam muy muku it possible m dwerminu the musw and couplings of
pionsto resonttnm ahw the A( 1232). Somedata exist already for pion tmd photon MMbring in
this region,und preliminary rwwlu suggest oninterestingdensity dcpwtdenw for the piwt coupling
to higher-lying msonwwws.13 Extension ot’ the uhovc unulysis to higher. lying re.wmnnvwsis
thmt’om nnintenwting timuv dimtion
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